Improved knowledge of the time scales at which drought stress mostly influences tree growth is 16 crucial for the early detection of forest dieback. This study aimed at evaluating the impact of 17 climate (temperature, precipitation) on vegetation activity (Normalized Difference Vegetation Index 18 (NDVI), Enhanced Vegetation Index (EVI)) of Pinus halepensis Mill. and P. pinea L. mixed forest 19 located in western Albania and assessing the drought (Standardized Precipitation Index (SPI), 20
The most widely used remotely sensed indices for monitoring variations in forest 58 productivity dynamics, as they measure canopy greenness, leaf area and canopy chlorophyll 59 content, are the Normalized Difference Vegetation Index (NDVI) and the Enhanced Vegetation 60
Index (EVI). The NDVI is often used as an estimator of photosynthetic active radiation (PAR) that 61 is absorbed by the canopy (Tucker et al. 1985; Wang et al. 2004; Garbulsky et al. 2013 ). The EVI 62 was developed to enhance sensitivity in high biomass regions and improve vegetation monitoring 63 through a de-coupling of canopy background signal and a reduction in atmosphere influences 64 (Wardlow et al. 2007; Garbulsky et al. 2013) . Whereas the NDVI is chlorophyll sensitive, the EVI 65 is more responsive to canopy structural variations, including leaf area index, canopy type, plant 66 physiognomy and canopy architecture (Gao et al. 2000) . The two vegetation indices complement 67 each other in vegetation studies and improve upon the detection of vegetation changes and 68 extraction of canopy biophysical parameters (Huete et al. 2002) . 69
Several studies have analysed the dendroecology of typical Mediterranean pine species 70 (Raventós et al. 2001; Cherubini et al. 2003; Campelo et al. 2007; Vieira et al. 2010; de Luis et al. 71 2011 de Luis et al. 71 , 2013 Sarris et al. 2011; Olivar et al. 2012; Mazza and Manetti 2013; Novak et al. 2013 ; 72 D r a f t 5 is important since for the south eastern Europe, climate change scenarios predict increase in air 83 temperature (+4°C) and decrease in precipitation (-20%) by the end of 21 st century (Bruci 2007) . 84
Therefore, in this study we focus on the effects of climatic variables (temperature, 85 precipitation) on vegetation activity (Normalized Difference Vegetation Index (NDVI), Enhanced 86
Vegetation Index (EVI)) of two co-existing Mediterranean pine species (Pinus halepensis Mill. and 87
Pinus pinea L.), and on the impacts of drought (Standardized Precipitation Index (SPI), 88
Standardized Precipitation Evapotranspiration index (SPEI)) on vegetation activity and tree radial 89 growth (earlywood (EW), latewood (LW), tree-ring width (RW)) of these species. The purpose of 90 this investigation is to assess the degree of influence of climate variability on vegetation activity 91 and tree growth of P. halepensis and P. pinea. Studies considering EW and LW widths allow for 92 better understanding the impact of seasonal water shortage on radial growth components, 93
considering that the formation of both EW and LW are influenced by distinct climatic factors 94 (Pasho et al. 2012) . 95
The objectives of this study were to: (i) asses the relationships between climate and 96 vegetation activity in P. halepensis and P. pinea, (ii) test the usefulness of two multi scalar drought 97 D r a f t albanica Goelz et Reinhard., etc. (Paparisto et al. 1988) . The soil types are alluvial meadow and 110 Eutric fluvisols. These soils are formed on alluvial deposits, characterized by a medium texture, 111 good hydraulic conductivity properties and high water holding capacity (Zdruli 1997) . The climate 112 is typical Mediterranean (temperate-warm bio-climate), characterized by hot (dry) summers and 113 mild (wet) winters (see Toromani et al. 2015a) . 114
115

Climatic data and drought indices calculation 116
To quantify the climatic variability in the study area we used data of mean monthly temperature and 117 total monthly precipitation (period 1960-2013) obtained from a local meteorological station 118 (Divjaka climate station, 40°59'33"N, 19°32'25"E, elevation 4 m a.s.l.), located in a distance less 119 than 5 km and at approximately the same altitude as the study area. 120
Using the monthly mean temperature and total monthly precipitation series we obtained two 121 cumulative time scale drought indices, SPI (McKee et al. 1993 ) and SPEI (Vicente-Serrano et al. 122 2010) . SPI was calculated using only precipitation data which are accumulated for various months 123 starting from the current month and adding the preceding months up to a certain time scale (i.e. 1-124 12). The cumulative series are standardized using Pearson III distribution because it adapts well to 125 D r a f t 7 similar approach to that for SPI. The cumulative series are standardized using the three-parameter 135 log-logistic distribution because it adapts well to the empirical frequencies of D series, 136 independently of the time scale analyzed. The output is the drought index SPEI with an average 137 value of 0 and standard deviation 1. A SPEI of 0 indicates a value corresponding to 50% of the 138 cumulative probability of D, according to a log-logistic distribution. The complete methodology is 139 described by Vicente-Serrano et al. (2010) . for this interval, which is widely recognized in dendrochronological studies for accepting mean 162 growth series as being well replicated (Wigley et al. 1984) . However, additional reasons were the 163 climatic data availability and the shortness of P. halepensis chronology (Fig. 1) . 164
165
Remote sensing data 166
To quantify the vegetation activity at the study area we used time series of NDVI and EVI covering 167 May (r = 0.59, P = 0.043) and September (r = 0.58, P = 0.046) for P. halepensis and P. pinea, 200 respectively (Fig. 3) . 201
In P. halepensis we found positive and significant relationship of EW width index with the 202 SPI at time scales 3 and 4 months (r = 0.31, P = 0.018; r = 0.28, P = 0.029, respectively) on August 203 and at time scales 4 and 5 months on September (r = 0.29, P = 0.025; r = 0.31, P = 0.019, 204 respectively) (Fig. 1, 4) . The LW width showed high association with the SPI at time scales up to 4 205 months, from August to September, with the strongest response observed at time scale of 3 months 206 (r = 0.39, P = 0.003), on September. The RW showed a similar response pattern to the SPI as the 207 LW did. However, in the case of RW the response to drought was somehow lower (r = 0.32, P = 208 0.015; time scale 4 months) compared to the LW width. A higher response of all wood components 209 to drought was observed when the SPEI drought index was considered. The response of EW widthD r a f t to the SPEI was significant at time scales from 3 to 6 months, during July -September, with 211 maximum correlation values (r = 0.33, P = 0.012) obtained at time scale of 5 months, on 212
September. The LW width and RW also responded significantly to the SPEI at time scales up to 5 213 and 6 months respectively (July -September). However, the highest drought impact (LW: r = 0.43, 214 P < 0.001; RW: r = 0.33, P = 0.010) was observed on September, at the time scale of 2 and 4 215 months, respectively. 216
In P. pinea we observed a quite different pattern concerning the response of wood 217 components to the drought indices as compared to P. halepensis (Fig. 1, 4) . Both drought indices 218 showed significant impacts only on EW width whereas no significant relationship was observed 219
with LW width and RW. The EW width responded significantly to the SPI at time scale of 1 month 220 on April (r = 0.28, P = 0.032) and to the SPEI at time scales of 1 month on April (r = 0.31, P = 221 0.017), 9 months on June -July (r = 0.28, P = 0.034; r = 0.27, P = 0.038, respectively) and 10 222 months on July (r = 0.28, P = 0.034). The analysis revealed that warming-induced drought stress affected both species growing 262 under Mediterranean climate conditions. However, the response to drought indices was higher and 263 observed at shorter time scales in P. halepensis as compared to P. pinea trees which responded 264 mostly to mid-term drought stress (8-10 months). This suggests that patterns of forest response to 265 drought are highly complex even at local scales and between co-existing species, and that drought 266 time scale is relevant for capturing the delayed response of tree growth to drought stress. Although P. halepensis is considered as drought-avoiding species which may decrease 271 transpiration by rapid stomata closure (Borghetti et al. 1998; Klein et al. 2011; Dorman et al. 2015) , 272 its inter-annual growth seems to be vulnerable to drought stress in summer-early autumn, leading to 273 growth decline. This is in line with previous studies carried out on this species suggesting a 274 significant impact of climate variability on P. halepensis growth across the Mediterranean region 275 P. pinea trees (EW width) showed significant but lower vulnerability to drought stress 284 during summer as compared to P. halepensis trees. Previous studies emphasized that the differing 285 behavior to climatic variability of this species is probably related to its physiological characteristics 286 such as the differing hydraulic architecture, lower susceptibility to cavitation and higher water useD r a f t efficiency (Oliveras et al. 2003; Campelo et al. 2007; Sánchez-Salguero et al. 2012) . Other studies 288 involved the age of trees in the attempts to explain climate-growth relationships in P. pinea (de Luis 289 et al. 2009; Olivar et al. 2012; Mazza and Manetti 2013; Toromani et al. 2015a ). These studies 290 emphasized that old trees are less sensitive to drought conditions as opposed to the young ones 291 since they reach more water from deeper soil layers and, therefore, show lower dependence on 292 variations in soil water availability. This implies the existence of different growth strategies not 293 only between species but also between trees of different ages, despite the fact that they grow in a 294 common environment with common climate conditions. As a matter of fact, P. pinea trees in the 295 study area are older ( Fig. 1 ) and probably with a deeper root system than those of P. halepensis. In 296 addition, the underground water table is affected by phreatic waters which compensate to some 297 extent for the low summer precipitation and therefore might weaken the relation of tree growth with 298 climatic parameters, as found elsewhere (Valladares et al. 2005 ). All these physiological-age-site 299 characteristics might have mitigated the impact of water shortage events on P. pinea growth and 300 allowed it to maintain relatively high growth rates while experiencing moderate water stress. 301 Consequently, to be highly affected by drought this species must be exposed to water deficits that 302 are sustained over time, which require conditions that correspond to mid time scales of drought. 303
In Albania dendrochronological studies are rather scarce and focused mostly on high-elevation 304 species. For example, Seim et al. (2010) showed the potential of Pinus heldreichii tree-ring 305 chronologies for climate reconstruction in Albania whereas Seim et al. (2012) In conclusion, temperature-induced drought stress and diminishing precipitation appeared to 316 become increasingly limiting for P. halepensis and to a lower extend for P. pinea trees, exerting a 317 great impact on radial growth and vegetation activity in these stands. The predicted warmer and 318 drier conditions in the region (Bruci 2007) will likely pose severe threats to these species, triggering 319 the decline of vegetation activity and tree radial growth. Therefore, the information provided in this 320 study should be useful for the early detection of forest dieback in Albania and to adapt appropriate 321 management strategies to mitigate the impacts of drought on P. halepensis and P. pinea growth. 
